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Gene therapy was originally designed as a technique for correcting inherited and 
acquired disorders on human genes responsible for disease development. At present, gene 
therapy is aggressively developed with hope that will be remedy for not only inherited and 
acquired disease but also obstinate diseases such as cancer, HIV infectious disease, and so on. 
Although gene therapy trials have been initiated around the world, Iittle has been successful in 
terms of curing disease. This fact suggests that there are several hurdles must be overcome 
for realization of gene therapy. It is likely that inefficiency in gene delivery is one of the 
major obstacles. 
Currently, the most common vec~or is replication-defective virus with part or all of the 
viral coding sequence replaced by therapeutic genes. Some of the different type viruses 
(retro viruses, adenoviruses, adeno-associated viruses, and herpes simplex viruses) used as 
vectors for gene therapy [1-2]. Since viral vectors take advantage of their infection 
mechanism, stable and high transgene expression is observed (Table 1). However, the 
viruses have various problems such as toxicity, immune and inflammatory responses, and 
gene control and targeting issues (Table l). In addition, there is always the fear that the viral 
vector may recover its ability to replicate itself and to cause disease. 
Plasmid DNA is usually used as a non-viral vector to deliver therapeutic genes. The 
administration of naked DNA is the simplest and safe non-viral gene delivery method (Table 
1). Since the naked DNA, however, is very sensitive against nucleases in the serum and is 
removed quickly from the blood stream by mononuclear phagocyto system, it is difficult to 
apply to systemic administration. Therefore, several mechanical techniques, such as 
electroporation, gene gun, and ultrasound, were often used [3-5]. On the other hand, in order 
to make the naked DNA applicable to systemic administration, numbers of chemically 
synthesized molecules have been developed as a gene canier [6]. ~ene canier molecules 
generally have cationic moieties to form complex with DNA. This complex formation 
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makes DNA be resistant to nuclease degradation. In 1987, Iipid-mediated gene delivery 
method was proposed by Felgner for the first time [7]. After that, various lipids of which 
cationic head was altered have been developed and applied to gene delivery. Although the 
development of novel types of cationic lipids is at a standstill, Iipid-mediated transfection is 
still one of the major techniques for gene delivery into the cells. It has been also reported 
that several cationic oligopeptides and polymers, such as amphiphilic a-helix peptides, 
poly(L-lysine), polyethylenimine, and polyamidoamine dendrimer, facilitate gene transfer [8-
12]. While the applicability of many kinds of chemically synthesized molecules has been 
shown, the transfection abilities of these carriers are still low compared with those of viral 
vectors (Table l). However, non-viral gene carriers exceed viral vectors in several respects, 
such as nonimmunogenicity, Iow cytotoxicity, feasibility to be produced on large scale, and so 
on. Therefore, establishment of safe and functional non-viral gene delivery systems is 
essential to realize gene therapy. 
Table 1. Ments and dements of common gene delivery methods. 
Merit Demerit 
Vi ru s High expression Low safety 
Difficult handling 












The purpose of this thesis is to examine the applicability of dendritic poly(L-lysne)s 
(DPKs) for in vitro gene delivery, and to understand their transfection mechanism. The 
present thesis is composed of four chapters. 
In chapter I, synthesis of DPKs, physicochemical characters of DNA complexes with 
DPKs, and their applicability to in vitro gene delivery are described. Mono-dispersed DPKS 
of several generations were synthesized by HBTU-HOBt method, and the DNA binding and 
gene transfection abilities of the DPKS were investigated. The 3rd generation and higher of 
DPKS could form stable complex with plasmid DNA. Especially, the 6th generations of 
DPK (KG6) showed high transfection ability into several cultivated mamnralian cell lines 
without significant toxicity, and had serum-tolerant transfection ability, which would be due 
to the neutral surface of the DNA complex. 
In chapter II, time-dependent conlplex formation of dendritic poly(L-lysine) with 
plasmid DNA and correlation with in vitro transfection~' efficiencies were mentioned. The 
results of atomic force microscopic observation suggested that the DNA complex of KG6 
grew up as following; small complexes were formed at first, and then, the small complexes 
aggregated each other. Furtllermore, on the basis of dynamic light scattering analysis and 
measurement of the transfection efficiency at different time points, the transfection efficiency 
of KG6 was found to increase with increasing size of the DNA-complexes, indicating that the 
major contributors involved in successful transgene expression were large complexes in vitro. 
The complex formation mechanism of KG6/DNA complexes, the complex size 
preference of the cells on uptake step, and the translocation mechanism of the complexes into 
the cells were investigated in preceding chapters. In this connection, the mechanism of 
DNA release from the complex, which should occur before transcription in cell, was studied 
in chapter 111. In order to confirm whether the DNA release from a gene canierIDNA 
complex spontaneously occurred in the cytosol, an artificial cytosolic environment in vitro 
was reconstituted by mixing a DNA complex with fractionated cytosol from mouse liver. As 
a result, it was suggested that in the cytosol the DNA was spontaneously released from a gene 
carrier/DNA complex when the canier was a polymer type gene carrier. Furthermore, it was 
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found that cytosolic soluble proteins play an important role in the DNA release from the 
complex. 
In chapter IV, in order to investigate potentiality of DPK as base molecule for 
development of novel gene carrier, I designed and synthesized two analogues of KG6, KGR6 
and KGH6, in which terminal amino acids were replaced by arginines and histidines, 
respectively, and evaluated the DNA-binding ability and transfection efficiency in vitro. 
DNA-binding analysis showed that KGR6 could bind to the plasmid DNA as strongly as KG6, 
and showed 3- to 12-fold higher transfection efficiency into several cultivated cells than KG6. 
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